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Abstract: Scientists have discovered the efficiency and elegance of systems found in the behaviour of
natural groups, one of which is self-organization and flocking. Many researchers have studied and applied
self-organization in business management but it is yet to be addressed in the design education field in
Egypt. Design students are reliant on the teacher’s input, which limits their independent decision-making
and development. This study aims at introducing self-organization to groups of students in Egypt to
enhance learning outcomes. A system was developed based on flocking to enable better team work
experiences between design students. The system is based on using two positive and one negative feedback
loops. An experimental method tested the proposed system on two groups of design students, backed up
by semi-structured interviews and a survey to compare previous experiences with the new model. It was
found that self-organization enabled students to interact with each other to create innovative designs with
an improved general experience, group dynamic, and project structure. A method of rotatory leadership
was also identified. By implementing self-organization and the system of flocking, teams can become more
agile and therefore, succeed and sustain.
Keywords: self-organization; design education; flocking; systems thinking

1 Introduction
Design education develops according to what the world needs from today’s designers. A crucial part of today’s
demand is a call for sustainable designers. Researchers have found that by following strategies in nature, design
challenges can be solved sustainably and efficiently. Natural organisms use patterns for survival such as fish swimming
in schools, birds flying in flocks, and ants forming highways. These behaviours are achieved through self-organization:
creating a system without direct external influence. Systems lacking self-organization have order forced upon them
through hierarchy (Ramos & Merelo, 2002).
One of the biggest educational problems is the dependence of students on the instructions and influence of teachers.
Students in higher education find difficulty working in groups, especially in Egypt. The main issue with the design
education sector in Egypt is the student’s previous backgrounds in schools where some school systems rarely prepare
students for the creative, diverse and multidisciplinary field of design. By the time they enter a design college they are
unable to function in a team and rely constantly on the input of the educator, especially in projects. A self-organizing
system will motivate students to adapt, improve and develop themselves and their teams (Shmurygina, Bazhenova,
Bazhenov & Nikolaeva, 2015). The paper aims at combining principles of self-organization with systems thinking to
This work is licensed under a Creative Commons Attribution-NonCommercial-Share Alike 4.0
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develop a design education approach in Egypt. It is hypothesized that this method will enable students to work
together as a group to solve problems efficiently and independently. The method can be used by design workshops
and companies to rely on themselves internally without the need for external parties.

2 Sustainable Development within Design Education
Throughout the years, education methods were developed and applied according to different philosophies and
market demands. The Bauhaus model was established in 1919 based on Gropius’ manifesto which proposed to teach
students creativity through practical and scientific works by drawing, painting, craft, science and theory. The New
Bauhaus method by Moholy-Nagy in 1937 brought additional influences to include technology. Design in education
was applied first to arts then to sciences in 1958, which involved students applying theoretical information practically
(Findeli, 2001).
A popular design education method currently integrated in Egypt is studio-setting, involving a teacher instructing
students using practical design trials. However, this causes motivational issues and limited information about the
design process. It creates learning inefficiencies because it relies on the experiences, styles and personalities of
students and teachers. Therefore, messages sent by teachers are according to their biased experiences with certain
design situations (Oxman, 2004). This affects students’ knowledge acquirement, independence, and unique
interpretations. Discussions with teachers are unstructured according to specific, hypothetically proposed design
problems causing issues with grounding students’ thoughts and ideas (Kowaltowski, Bianchi & Paiva, 2009).
Recently, design’s responsibility towards sustainability has increased due to environmental concerns, especially
through education. Tools must develop to address students’ obstacles internally (mind blocks, lack of confidence) or
externally (social barriers, governmental limitations, material restrictions, etc.). Sustainability is taught at the James
Madison University of Engineering as the continued survival and prosperity of societies in terms of life quality
according to social, environmental, economic and technical constraints (Kowaltowski, Bianchi & Paiva, 2009).
Connecting between the world and our actions is key to achieving sustainability (Pappas, Pierakos & Nagel, 2013). It is,
therefore, important to teach students about product contexts to consider manufacturing and materials (Klein &
Phillips, 2019).

3 Nature Inspired Systems: Biomimicry Applied in Design and Education
Sustainability is achieved through integrating nature into the design process, where “design approaches that embrace
the natural world are perhaps more inherently sustainable” (Klein & Phillips, 2019, p. 71). One approach is biomimicry:
finding solutions and inspirations to everyday problems through knowledge in nature’s strategies and systems. It
gained popularity in the 1990s when introduced by biologist and researcher, Janine Benyus. Although it is still a young
science, it has significance within design education (Tavsan, Tavsan & Sonmez, 2015). Biomimicry offers solutions to
specific questions by studying nature’s processes and materials providing new and innovative possibilities (Reed,
Klumb, Koobatian & Viney, 2009). Therefore, natural solutions to man-made problems can evolve, leading to
sustainable outcomes (Klein & Phillips, 2019).
Systems inspired by nature develop sustainable designs embedded into education. Biomimicry proposes three
ideation levels: nature as form, process, or ecosystem. The deeper one dives the more sustainable the approach is.
One option is to mimic natural systems to achieve similar goals. Similarly, circular economy in design education
achieves sustainable development based on natural cycles decomposing dead organic materials into nutrition for
upcoming generations of living organisms. Consequently, using circular economy creates a curriculum that educates
about sustainable development (Andrews, 2015). To achieve, designers manage several factors simultaneously so it is
necessary to study interactions between the human world and natural systems. It is not enough to know components
of a system without understanding its overall purpose, as illustrated in Figure 1 by John Godfrey Saxe’s poem the Blind
men and the Elephants (Sustainable Leaders Network, 2013).
Design processes are interpreted as problem-solving methods involving a need/problem and a final goal/solution with
the design element acting as a link between problem and solution. However, according to Findeli (2001), an
alternative interpretation is the system’s states where different states are defined to integrate designers and users.
Therefore, the material outcome is not the process’ final achievement, there also exists a learning component from a
project (Findeli, 2001).
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Figure 1. Blind men and the elephant: Looking at the bigger picture, not just the details (Iyer, 2018).

4 Systems Thinking, and its Relation to Nature and Design
Systems thinking is linked to the General System Theory by Ludwig von Bertalanffy in the 1940s and became famous in
1987 when introduced by Barry Richmond. Despite its popularity, it has many diverse definitions, one of which is: a
group of different parts where systems thinking is “literally a system of thinking about systems” (Arnold & Wade,
2015, p. 670). It is categorized into natural systems of biological components and designed systems of artificial
mechanisms.
It can be found in nature’s survival patterns and is broken down into elements (characteristics), interconnections
(linking characteristics), and function (purpose). Elements within a system are most noticeable with least importance
because they do not define distinct characteristics (Sustainable Leaders Network, 2013). The interconnections
between elements are more important because they change the system significantly. Finally, functions are crucial
because if the system’s purpose changes it drastically differs. Therefore, systems thinking must clearly communicate
its end-goals. For example, the human digestive system’s main function is to break down food into basic nutrients and
transfer them into the bloodstream. Interconnections are flows of food and chemical signals. Finally, elements in the
system are teeth, mouth, stomach and enzymes (Johnson, 2012).

The Process of Thinking, Communicating and Learning
According to Richmond (2005), systems thinking is based on thinking, communicating, and learning. A successful
education system can be achieved by studying these aspects according to how millennials nowadays process
information. Thinking is achieved through “constructing mental models and simulating them” (Richmond, 2005, p. 5).
Constructing mental models involves breaking down and abstracting reality in one’s mind before thinking about it. The
model and its details differ depending on the context and situation the person is thinking about. Once constructed,
the person simulates that model to think of possible outcomes that might happen in possible scenarios then draws a
conclusion in their mind. Communication’s raw materials are given through the thinking process because it starts the
same way. Afterwards, a person communicates to make these models accessible to others to think about and create
unique conclusions.
Learning relies on achieving thinking and communicating and is broken down into “self-reflective learning and otherinspired learning” (Richmond, 2005, p. 8). Self-reflective learning is achieved when part of the mental model’s content
is changed. Other-inspired learning relies on the communication and feedback channels between students and
teachers to change mental models. Therefore, the main outcome of any learning process is to change a student’s
mental model (Figure 2).

5 Self-Organization and Flocking: The Development of Biology-Based Design
Modules
Self-organization is defined as a structure’s development without an imposing external agent (Heylighen, 2001). It
uses indirect interactions to communicate directly with people in a group (Ramos & Merelo, 2002). A system
reproduces itself using its own internal logic due to interactions between the system’s elements, and follows several
principles and strategies including positive and negative feedback loops, flocking, and stigmergy (Fuchs, 2003).
Positive and negative feedback loops are primary sources of interaction between individuals in a self-organized group.
Positive feedback is enhancing; for example, a savings account with a stable interest rate where each year the interest
3
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and money both increase. Negative feedback is correcting; a home thermostat that readjusts according to room
temperature changes (Fuchs, 2003). Stigmergy involves transferring information between individuals by manipulating
the environment. For example, ants gather food individually but if one ant finds a food source it lays a trail of
pheromone to draw attention. It relates to dividing labour according to the specialization of workers to function more
efficiently (Ramos & Merelo, 2002). Flocking ensures that loops work harmoniously in self-organized systems, often
based on a set of rules. It illustrates a method of collecting and responding to information from one individual to
another (Fuchs, 2003). Using flocking as a model gives individuals three rules: two positive feedback loops (cohesion
and alignment) and one negative loop (separation).

Figure 2. The process of thinking by constructing mental models and simulating them (Richmond, 2005, p. 8).

Cohesion is a positive feedback based on creating attraction between individuals in the flock. Separation is a negative
loop to limit the first loop. A group of birds, for example as shown in Figure 3, are attracted to each other yet they also
repulse each other creating a distance between them, ensuring that they do not crash into each other. Finally,
alignment ensures that each individual adjusts to their neighbour’s direction to move towards the same goal.
Individuals vary in their responses and, therefore, the outcome of the group’s behaviour depends on the selection
responses of individuals inside a flock (Fuchs, 2003).

Figure 3. The behaviour of flocking as found in nature (How it works, 2015).
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Applying self-organized behaviour in a pattern, module or process has several benefits including cost and time
efficiency, flexibility, robustness, and scalability. It requires individuals to act on local information to follow a simple
set of behavioural rules. Therefore, cognitive requirements are low and changes in group sizes are flexible. It
decentralizes failure points with control ranging across each individual within the system and works with small or large
groups to easily add individuals following the same principles (Thomas & Harri-Augstein, 1985).

Previous Applications of Self-organization to Achieve Product Designs
Advantages found by studying self-organized groups in nature can be applied to design principles to achieve the same
results. According to Prehofer and Bettsetter (2005), a set of design principles can be followed to apply selforganization to a human design. These are:
•
•
•
•

Achieving global properties by designing local behaviour rules;
Not striving for perfect coordination;
Minimizing long-lived state information; and
Creating adaptive protocols (Prehofer & Bettsetter, 2005).

Several companies have developed self-organizing design principles, such as REGEN Energy using bees’ behaviours to
create swarm logic for new energy management technology. The company designed the REGEN Energy™’s wireless
automated demand management response controllers which connect to electric heaters or coolers to work together,
communicate, and manage cycles (REGEN Energy Inc., 2014). The Nissan EPORO Robot Car uses the concept of fish
schooling to apply algorithms to their automobile concept robot car designed to travel in a group of like-vehicles to
avoid obstacles without colliding with each other (Nissan Motor Corporation, 2009).

6 Experimental Methods: Self-Organization System for Design Education based on
Flocking
Self-organization can benefit design teams to approach problems efficiently. By applying feedback loops into
strategies, a decentralized system with better communication can be developed to reach decisions easily. To solve
sustainability problems, a system’s approach is required based on achieving a common goal (Pappas, Pierrakos &
Nagel, 2012). Experimental methods are used when it comes to research based on creativity giving experimentation
the potential to become an educational tool (Oxman, 2004). Therefore, an experimental method was developed to
implement and test a self-organization system on two groups of design students. The proposed system (Figure 4)
mimics the behaviour of feedback loops found in flocking to aid designers and students to work in teams. It involves
three phases:
• Cohesion: Team members would be attracted to meet each other and brainstorm.
• Separation: Team members would want to work separately at a distance to develop ideas.
• Alignment: Team members would question whether they are moving towards the same end goal so they would
be attracted to meet again to find out the different ideas and discuss further.
Meetings with the teacher took place at the start of the process to announce the project brief and at the end to
discuss the final outcomes.

Figure 4. Self-organization system for design students’ team collaborations based on the principles of flocking.
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6.1 Testing the Developed Process on Design Students
Limitations increase creative outcomes of students based on their instinct to break barriers and create original
solutions while giving them confidence in their design processes and proposals (Kowaltowski, Bianchi & Paiva, 2009).
This factor was part of the experiment’s objectives to find out if these factors will occur with more or less restrictions.
An experiment was conducted on product design students using qualitative research methods supported by semistructured interviews. It aimed at testing the proposed system on students to identify the benefits and limitations of
self-organization as a basis for design and education. The experiment lasted for 3 hours and consisted of six senior
product design students between the ages of 23-26 years of age from the Faculty of Applied Sciences and Arts at the
German University in Cairo. There were no issues regarding research with the facility mentioned.
The experiment aimed at answering the following questions:
•
•
•
•
•
•
•

How would students respond to the system?
Would they be able to manage independently without the guidance of the teacher?
Would the teams be able to achieve tangible outcomes using this system?
Are the three phases understandable and logical within the system?
Would a team leader appear with the groups?
Would they be able to reach decisions and assign tasks independently?
What would the group dynamic be like?

Participants were divided into two groups of three students each and were given the same brief including the selforganization diagram with one main variable: freedom to divide tasks in the time phases, as shown in Table 1. Group 1
was informed that each phase would take one hour’s time and were told exactly what to do within each phase. Group
2 was informed that each phase would take one hour’s time but were left to decide what to do during each phase.
Table 1. Constant and variable factors in the experiment.
Constant
Group 1
Group 2

Variable

Group size
Type of brief
Duration
Process explanation

Told exactly what to do in each phase
Freedom to divide what to do in each phase

The teacher met the students before the first phase and after the last phase of the system, and was involved in
dividing the groups and distributing the briefs as well as answering questions before starting the experiment. Students
were left to discuss the design brief and follow the guidelines provided. The brief was related to sustainable
development: to develop balcony design solutions for today’s modern Cairo. They were asked to conduct research,
ideation, and a final mock-up of their design concept. Later they would present their concepts after the alignment
phase with the teacher. Observation was used throughout the experiment. After the final phase of the experiment, a
focus group discussion was conducted with the six participants.

6.2 Findings: The Process of Design Students Flocking
Through observation, it was found that students were keen on understanding the brief during the first teacher’s
session. They were left to read the brief together as a group and ask questions. The cohesion phase began with
students discussing and brainstorming the topic of balconies in an urban city like Cairo using mind-mapping tools, as
shown in Figure 5.
They began to ideate and talk together about their ideas, as shown in Figure 6, left. During this time, tensions began
to build due to differences in opinion. While the researcher was observing, a student asked if all group members
should agree on the final design concept to which they were informed that they should decide this for themselves.
The separation phase (Figure 6, right) was not as distinct as the first because each member acted differently; one
student read an IKEA magazine and another student sat in the same place to sketch ideas. Finally, students came
together during the alignment phase to create their product mock-up.
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Figure 5. Brainstorming during the cohesion phase.

Figure 6. Left: Discussions and ideation during cohesion. Right: Separation phase

The focus-group discussion showed that both groups spent approximately the same amount of time during each
phase and felt that the phases should not be divided equally in time. They spent between 45 minutes to 1 hour during
the cohesion phase and the least amount of time on separation. The longest phase was during alignment where they
came together to discuss ideas and create the mock-ups. Each student had a different preference of phases according
to their own preferences as design students; one student preferred mind-mapping at the start and another preferred
creating models by hand. Some liked all three phases but all agreed that they did not want to spend a long time in the
separation phase and wanted to sit together and discuss their ideas. The 3-hour time duration worked for the topic
and brief but if it was a more industrial or complicated technical project it would need more time.
One student stated that the flow of the system was beneficial because the cohesion helped to first meet with the
team then separate to collect their thoughts and finally align again to discuss, decide and agree. Some suggested that
separation should be at the beginning of the process instead of during the middle. All students felt that the
organization and flow of the system was smooth to follow but that it could be repeated: cohesion> separation>
alignment> separation> alignment, etc. Participants also felt that the approach should be circular where they would
return to certain phases throughout the process. Students followed the system easily but they mentioned that it could
be different if it was applied on younger, foundation stage design students as they would need more guidance from
their teacher.
They felt that the brief was helpful to achieve a mock-up (Figure 7) in the end because it was a general topic that they
could easily relate to. However, one of the sentences in the briefing was stated as a fact which was too limiting and
should be left open. The wording of the brief helped the students with certain keywords such as “modern” which was
interpreted differently from one person to another.

7
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Figure 7. Balcony mock-up achieved at the end of the process.

The role of team leader was not assigned to one student in the teams. Instead, the role was changing and rotating
between them; sometimes one would time manage and motivate the rest, another would begin to assign tasks, and a
third would begin decision discussions between members. Decisions were reached together in both groups where
they found common grounds and compromises. One group during alignment assigned roles depending on what each
prefers to do. The second group made mock-ups together during alignment. The case also differs according to group
dynamics especially if the team collaboration is with a group they do not know. From their previous experiences, they
found that larger groups would need to be divided according to tasks so that the project is manageable and members
do not need to be 100% involved in all parts of the project. There would then be a member who connects the group
together.

6.3 Benefits and Limitations of Self-organizing Systems
A survey was then distributed to the six participants to compare between previous group project experiences and the
self-organization experiment experiences. Students were asked to refer to the same previous project. The data was
plotted and analysed to understand the criteria that were most common between the students, shown in Figure 8.

Figure 8. Survey data plotted and analysed.
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According to the survey, the self-organization experiment showed the most preferred criteria which were in common
between several students: Group dynamic, general experience satisfaction, outcome satisfaction, and project
structure and process, shown in Figure 9.

Figure 9. Criteria according to priorities.

The experiment showed several benefits to using the self-organization system in the context of product design
education for sustainability, shown in Table 2. It was found that outcomes were satisfactory within the time frame and
that a comfortable group dynamic was achieved. It was also found that students were independently reaching
decisions together through compromises and that the role of team leader was rotatory. However, there is still
development required within the system’s structure to make it more circular. Limited feedback from instructors was
also questionable especially if the system is applied in an actual curriculum with course grading. The experiment needs
further testing on larger group sizes and a flexible approach to the time durations of each phase.
Table 2. Benefits and limitations of using self-organization within design education.
Benefits

Limitations

Rotatory leadership

Process adjustments required

Time efficiency

Limited feedback from the teacher

Outcome satisfaction

Further testing needed on larger groups

Improved group dynamic

Durations of phases need adjustment

Independent decision making
Structured process for students to follow

7 Conclusion
The research proposed the implementation of a self-organization system to design education with a focus on an
experiment conducted on two groups of product design students in the Faculty of Applied Sciences and Arts at the
German University in Cairo. Students participated in a short-term design project over a duration of 3 hours while
following the guidelines of self-organization: cohesion, separation, and alignment. It was found that students
successfully followed the guidelines to achieve satisfactory mock-ups according to a given design brief.
The phases of the system were divided equally into one-hour durations. However, it was found that each phase was
different and participants spent longer on the two positive feedbacks (cohesion and alignment) and less on the
negative feedback (separation). Although separation was vital for students to ideate independently and gather their
thoughts they then wanted to come together to discuss and align. Therefore, it was found that the system can be
developed to become longer with extra phases. This could be depending on the size of the groups as well as different
durations of design projects.
In team collaborations, a team leader would be assigned to manage and distribute tasks. However, this would
normally create clashes between members when the leader takes decisions and members follow orders. The system
9
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provided the opportunity for participants to equally participate and divide tasks and roles including the role of team
leader which was rotatory. This proved the element of a decentralized approach where participants are equal
members. The principle can be applied on other sectors in Egypt and design including crafts workshops, start-ups,
design companies, and freelancing projects where group work settings are common.

8 Further Recommendations
It is recommended that the developed flocking system be tested on several group projects of students over longer
periods of time to study if the system truly achieves successful project outcomes. A greater focus on testing learning
outcomes rather that products achieved is recommended as well as developing a criterion to test and compare
students’ learning outcomes and experiences.
Development in the system to add different phases and test it on different group sizes and dynamics is also
recommended. This would provide a starting point for design educators to use the optimal system for each situation.
The system can be developed to fit a circular approach rather than a linear one. A further study into the applicability
as well as the ethical stand point of applying self-organization in education is also recommended to find out if students
would be willing to learn without constant supervision and input of teachers.
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Morsy, Laila Boghdady, Nadin Eldemary, Shahd Amr, and Omar Sherif. It was a pleasure sharing this
experience with you in the hope that this research will one day apply to curriculums of design education in
Egypt.

References
Andrews, D. 2015. The circular economy, design thinking and education for sustainability. Local Economy, 30(3), 305315.
Arnold, R.D. & Wade, J.P. (2015). A Definition of Systems Thinking: A Systems Approach. Procedia Computer Science,
44, 669-678. DOI: 10.1016/j.procs.2015.03.050
Findeli, A. (2001). Rethinking Design Education for the 21st Century: Theoretical, Methodological, and Ethical
Discussion. Design Issues, 17(1), 5-17.
Fuchs, C. (2003). The self-organization of matter. Nature, Society, and Thoughts, 16(3), 281-313.
Gladwin, T. (2012). Global Change. Retrieved February 27, 2014, from Systems Thinking:
http://www.globalchange.umich.edu/globalchange2/current/lectures/Gladwin_Notes/Systems_Thinking.html
Heylighen, F. (2001). The Science of Self-organization and Adaptivity. In L.D. Kiel (ed.) Knowledge Management,
Organizational Intelligence and Learning, and Complexity. The Encyclopedia of Life Support Systems (EOLSS) (pp. 126). Oxford, England: EOLSS Publishers.
How it works team. (2015). Why do birds flock together? Retrieved December 23, 2018, from How It Works:
https://www.howitworksdaily.com/why-do-birds-flock-together/
Iyer, P. (2018). Blind Men And The Elephant. Retrieved December 2, 2018, from BA times Resources for Business
Analysts: https://www.batimes.com/articles/blind-men-and-the-elephant.html
Johnson, S. (2012). Slideshare. Retrieved February 27, 2014, from Thinking in Systems (Donella Meadows) chapters 1
to 3: http://www.slideshare.net/sandhyajohnson/thinking-in- systems-donella-meadows-chapters-1-to-3
Oxman, R. (2004). Think-maps: Teaching design thinking in design education. Design Studies, 25, 63-91.
Nissan Motor Corporation (2009). Nissan EPORO Robot Car “Goes to School” on Collision-free Driving by Mimicking
Fish Behavior. Retrieved February 24, 2014, from Nissan Motor Corporation: http://www.nissan-global.com
/EN/NEWS/2009/_STORY/091001-01-e.html
Klein, D. & Phillips, K. (2011). The Journal of Technology Studies, 37(1/2), 69-77.
Kowaltowski, D.C., Bianchi, G., & De Paiva, V.T. (2010). Methods that may stimulate creativity and their use in
architectural design education. International Journal of Technology and Design Education, 20(4), 453-476. DOI
10.1007/s10798-009-9102-z
Pappas, E., Pierrakos, O., & Nagel, R. (2013). Using Bloom’s Taxonomy to teach sustainability in multiple contexts.
Journal of Cleaner Production, 48, 54-64.
Prehofer, C., & Bettsetter, C. (2005). Self-organization in communication networks: Principles and design paradigms.
IEEE Communications Magazine, 43, 78-85.
Ramos, V., & Merelo, J. (2002). Self-Organized Stigmergic Document Maps: Environment as a Mechanism for Context
Learning. The DBLP Computer Science Bibliography. Germany: The University of Tier. Retrieved from
https://dblp.uni-trier.de/rec/html/journals/corr/abs-cs-0412075
10

Self-Organization for Design Education: A Sustainable Flocking System

Reed, E.J., Klumb, L., Koobatian, M., & Viney, C. (2009). Biomimicry as a route to new materials: What kinds of lessons
are useful? Philosophical Transactions: Mathematical, Physical and Engineering Sciences, 367(1893), 1571-1585.
REGEN Energy Inc. (2014). Solutions. Retrieved February 24, 2014, from http://www.regenenergy.com/solutions/
Richmond, B. (2005). Systems Thinking and the STELLA Software: Thinking, Communicating, Learning and Acting More
Effectively in the New Millennium, In STELLA, An Introduction to Systems Thinking. ISBN: 0-9704921-1-1.
Shmurygina, N., Bazhenova, N., Bazhenov, R., & Nikolaeva, N. (2015). Self-organization of Students: Realities and
Development Prospects. Procedia: Social and Behavioural Sciences, 214, 95-102. DOI:
10.1016/j.sbspro.2015.11.599
Sustainable Leaders Network (2013). Learning from Nature: A Course in Biomimicry. Retrieved February 27, 2014, from
Sustainable Leaders Network: Deepening Learning and Practice for People and Planet:
http://www.sustainabilityleadersnetwork.org/wp-content/uploads/2013/04/Learning-from-Nature-A-Course-inBiomimicry-Teachers- Curriculum.pdf
Tavsan, C., Tavsan, F., & Sonmez, E. (2015). Biomimicry in Architectural Design Education. Procedia: Social and
Behavioural Sciences, 182, 489-496.
Thomas, L.F., & Harri-Augstein, S. (1985). Self-organised Learning: Foundations of a Conversational Science for
Psychology (2nd edn.). Bury St. Edmunds, Suffolk: St. Edmundsbury Press Ltd.
About the Author
Nariman Lotfi is an instructor at the German University in Cairo where she was
awarded a Master’s degree in Product Design in 2014 focusing on design and bionics.
She has focused on research in the fields of product design, biomimicry, and
sustainability. She is currently working on her PhD degree focused on design
education and the future of the industrial design scene in Egypt.

11

